The incidence of thymic B cell lymphoid follicles was retrospectively studied in 62 male and 58 female healthy control beagle dogs (age 11.3 ± 4.8, range 6 to 23 months). The animals were selected from toxicological studies performed in the period 1990-2001 at the Organon labs. The animals had received vehicle treatment. Thorough microscopic examination of the thymus in hematoxylin & eosin (H&E)-stained sections resulted in an unexpectedly high overall incidence of 70% of medullary lymphoid follicles. Occasionally, these lymphoid follicles contained germinal centers. With the use of a T-and B cell marker (respectively CD3 and CD79α) we confirmed that the lymphoid follicles exclusively contained large numbers of B lymphocytes. Moreover, with the use of the B cell marker, almost all animals (97%) prove to have B cell rich medullary areas. The study also confirmed that the dog thymus underwent progressive involution during the period from 6 to 23 months of age. As a consequence of the involution, B cell areas and lymphoid follicles may be obscured in some H&E sections. Results of this study indicated that dense B lymphocyte aggregates and/or B lymphoid follicles are a normal constituent of the canine thymus.
INTRODUCTION
It is well-known that lymphoid follicles are observed in the normal and diseased human thymus. The lymphoid follicles are not different from those in lymph nodes, have germinal centers, and contain both dendritic cells and B lymphocytes, which are present in scant numbers in the normal human thymus (2, 7) . Research in humans has been focusing on the relationship between autoimmune disorders, and the development of thymic B lymphoid follicles. Myasthenia gravis, a disease with a counterpart in the dog, is one of the most well known diseases related to B lymphoid follicle development in the human thymus (2, 6, 12, 15, 21) . The role of autoimmune reactions has also been studied in an animal model for myasthenia gravis involving guinea pigs (9) . Moreover, in rhesus monkeys, thymic B lymphoid follicles were induced by systemic administration of a novel immunostimulant agent (10) .
The incidence of B lymphoid follicles in the normal human thymus has been a matter of controversy (5, 22) . Recently, Middelton and Schoch (17) published a large study on the incidence of human thymic B lymphoid follicles in healthy individuals, showing high prevalence of these thymic B lymphoid follicles in the normal human thymus. This study together with our own recurring observation of lymphoid follicles in our beagle dogs prompted us to study the spontaneous incidence of lymphoid follicles in the thymus of beagle dogs. The present study attempted to relate the incidence with factors like age, thymic weight, environmental conditions, and immune status. To the best of our knowledge, the widespread incidence of thymic dense B lymphocyte aggregates and/or lymphoid follicles in healthy beagle dogs has not been described elsewhere.
METHODS
Male and female healthy control beagle dogs (n = 120; 62 males and 58 females) from 19 toxicological studies conducted between 1990 and 2001 treated orally (n = 106) with the vehicle gelatin (0.5% m/v) and mannitol (5% m/v) in water or subcutaneously (n = 14) with saline were examined. Effort was made to select the studies more or less evenly distributed over this time period. These studies complied with the Dutch Act on Animal Experimentation. The studies were approved by the Animal Experimentation Committee.
The length of the treatment period ranged from 1 to 39 weeks. The average age of the animals at sacrifice was 11.3 ± 4.8 months (range 6-23 months). Pure bred beagle dogs, were supplied by Harlan S.A.R.L., Gannat, France (n = 8), Harlan, Winkelmann, Germany (n = 14) or Harlan, Madison, USA (n = 98).
All dogs had been vaccinated by the breeder against rabies, distemper, hepatitis, leptospirosis, viral enteritis (treatment mostly with Nobivac vaccins: -Puppy DP, -R, -L and -DH2P2, Intervet, Boxmeer, The Netherlands) and had received 1 or more courses of antiparasitics (mostly Panacur (fenbendazole), Intervet, Boxmeer, The Netherlands). Additionally, most dogs had been vaccinated against Bordetella bronchoseptica (Intra-Trac, Schering Plough, Germany) or received treatment for coccidiosis (Baycox, Bayer, Belgium). Treatment and prevention for fleas and ticks was given with Frontline (Merial, France).
The animals were housed individually in centrally heated kennels with an outdoor run. During some hours during daytime the dogs were housed in pairs. A ration of Canex Brocks/GLP standard expanded food (n = 18), Standard pelletted food (n = 90), both supplied by Hope Farms B.V., Woerden, The Netherlands or Standard pelletted food (n = 4) supplied by Whitham, UK, or Standard pelleted food (Diet No. 125 C2) supplied by U.A.R. Villemoisson sur Orge, France (n = 8) was used. Tap water was available from an automatic water supply. At the end of the dosing period (or postdosing periods of 3.5 ± 1.1 weeks for n = 17 animals) the animals were sacrificed by exsanguination from the brachial plexus under deep Nesdonal and Rapifen anesthesia.
The thymus was immediately placed for 5 to 10 minutes in Carnoy's fixative. Next, the thymus was dissected free of adjacent fat and other contiguous tissue and the weight was recorded. The organ weight relative to terminal body weight was calculated. Samples of the thymus were preserved in 10% buffered formalin. Subsequently, tissue samples were dehydrated and embedded in paraffin wax. For this study, paraffin embedded thymus was processed and sectioned at 5 µm. One section was stained with hematoxylin and eosin (H&E). Another section was incubated with the B cell marker (Monoclonal Mouse anti Human B cell CD79α clone HM57, DAKO, Denmark). Finally, a few sections from animals with noticeable germinal centers in the thymus were incubated with a T cell marker (Monoclonal Mouse anti T cell, CD3, Clone PC3/188A, DAKO, Denmark). Procedures for both markers were the same and consisted of antigen retrieval (slides were heated with 0.1 M Tris-EDTA buffer pH 9.0 for 15 minutes in the microwave oven at a temperature between 90-99 • C); primary antibody dilutions were 1:50 for both antibodies (T-cell and B-cell) with a 45-minute incubation; secondary antibody (Envision + Mouse system, Dako, K4001) incubation was for 30 minutes; the chromagen (Liquid DAB + system, Dako, K3468) was applied for 10 minutes. A lymph node section was included as positive control, while a section of pancreas tissue was used as negative control for the B cell marker. Thymus sections only treated with primary antibodies in buffer were also included as negative controls. Pearson's correlation coefficient (r) and t-tests were performed using Microsoft Excel. Throughout the study, the (2-tailed) level of statistical significance of p < 0.01 was used. Average values were expressed as the mean ± standard deviation.
RESULTS

Age and (Relative) Thymus Weight:
In beagle dogs of 6 to 23 months, a weak to moderate negative correlation between age and thymus weight (r = − 0.43, p < 0.01) was found. The association between age and thymus weight was similar for both males and females. The correlation between age and relative thymus weight (ie, thymus/body weight) was slightly stronger (r = −0.59, p < 0.01). This association is illustrated in Figure 1 . Again, a similar relationship between age and relative thymus weight was found for both sexes (r = −0.63 and −0.56, for males and females, respectively). Scoring for cortical thymic atrophy using H&E stained sections, clearly demonstrated that the thymus weight decreased with increasing cortical atrophy recognized morphologically, as expected ( Figure 2 ).
Characteristics of Thymic Lymphoid Follicles:
The lymphoid follicles were found in the thymic medulla and stained positive with the B cell marker (Figures 3-5 ). Occasionally, lymphoid follicles contained a germinal center ( Figure 4 ). This region appeared pale in contrast to the dense marginal zone with smaller lymphocytes. The majority of cells of the germinal center were large lymphocytes with a significant amount of cytoplasm. The lymphoid follicles stained positive with the B cell marker, whereas while using the T cell Incidence of Lymphoid Follicles: Using H&E stained sections, lymphoid follicles were observed in 84 dogs, 70% of the total number of dogs. The incidence was comparable in males (65%) and females (76%). All lymphoid follicles stained positive with the B cell marker and several new B cell rich areas were detected, in addition to the ones recognized in H&E stained sections. In total, 116 thymuses stained positive for B lymphocytes (97% of the total number of dogs), FIGURE 2 .-Relationship of thymus weight and thymic cortical atrophy score. Cortical atrophy score in H&E sections: 1 = no/minimal atrophy, less than 10% reduction (n = 26), 2 = slight atrophy, 10-25% reduction (n = 20), 3 = moderate atrophy, 25-50% reduction (n = 54), 4 = moderate to marked atrophy, 50-75% reduction (n = 15), 5 = marked atrophy, 75-90% reduction (n = 3), and 6 = excessive atrophy, more than 90% reduction (n = 2).
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PLOEMEN ET AL TOXICOLOGIC PATHOLOGY while in 4 male dogs, the B cell marker did not unequivocally show positive B cell areas in the sections studied. The B cell positive cells were exclusively detected in the medulla. Typically, an average of 10 lymphoid follicles were found per section. An attempt was made to separate 'true' lymphoid follicles from areas with significant number of B cells using the B cell marker, but this analysis proved to be unreliable due to the significant numbers of borderline cases (data not shown).
Thymus Weight and Incidence of Lymphoid Follicles:
Thymus weight and presence of lymphoid follicles detected in H&E stained sections (0 = negative; 1 = positive) showed a weak to moderate correlation (r = 0.44, p < 0.01). Accordingly, average thymus weight was 45% lower for animals without lymphoid follicles in H&E stained sections ( Table 1) . The correlation was similar in both sexes (r = 0.43 and 0.45, for males and females, respectively). Trends in the relationship between the relative thymus weight and the lymphoid follicles detected in H&E sections were very similar (data not shown). The 4 male dogs with no positive B cell areas had an average thymus weight of 2.4 ± 0.8 g, much lower than the average thymus weight of 6.6 ± 3.5 g for the other animals. No other common features were noted for these dogs.
Age and Incidence of Lymphoid Follicles:
A weak to moderate inverse correlation existed also between the age of the animals and the lymphoid follicles detected in H&E stained sections (r = −0.41, p < 0.01). In line with this correlation, the average age of the animals without lymphoid follicle in H&E stained sections was 43% higher (Table 1) . No relevant differences in the correlation between age and the lymphoid follicles detected in H&E stained sections was observed for either sex (r = −0.45 and −0.38, for males and females, respectively).
Other Variables and Incidence of Lymphoid Follicles:
It was not possible to establish an apparent relationships for other variables, such as supplier, housing, food, route of administration, duration of administration, or sex and the inci- dence of lymphoid follicles ( Table 2) . This was probably due to the variable age and thymus weight (see Table 2 ). Vaccination also could not be related to the incidence of lymphoid follicles in H&E stained sections, since the overwhelming majority of animals did receive very similar vaccination programs. However, the latter analysis was also hampered by many confounders such as the content and source of the veterinary drugs/vaccines and the exact timing of (repeated) vaccination by the breeder.
DISCUSSION
The thymus is the site of T cell differentiation. However, it is now recognized that B lymphocytes are also a normal constituent of the normal human thymus (8, 14) . In dogs, B lymphocytes have also been identified in the medulla of the thymus (11, 19) , and it has been shown that in dog fetuses these cells, among others, are part of intrathymic hematopoiesis (4). Our study indicated that B lymphocytes were present in the thymuses of all healthy dogs, while lymphoid follicles could be detected in H&E-stained sections in 70% of the animals. The dog thymus underwent progressive involution with age in the time span (6 to 23 months) studied. This well-known, age-related involution was extremely variable, and like in man, it was difficult to determine thymus weight appropriate for age (2) . As a consequence of the involution, the presence of lymphoid follicles may be obscured in H&E stained sections. However, an incidence of 70% of lymphoid follicles was found in the medulla of the thymus in our relatively young population of dogs. With the use of a B cell marker, we confirmed that these follicles contained large numbers of B lymphocytes. Using this method, almost all animals were shown to have B-cell-rich medullary areas. The few male dogs with absence of positive B cell areas all had moderate to marked involution of the thymus, hampering the analysis with the B cell marker.
To the best of our knowledge, dense B lymphocyte aggregates and/or lymphoid follicles were not described as normal structures in the thymus of healthy dogs (1, 3) . Like humans, as recently discussed by Middleton and Schoch (17) , our study suggested that B lymphoid follicles represented normal activation of B lymphoid tissue rather than a pathologically significant condition per se (see next). Besides the weak-tomoderate correlation of the incidence of lymphoid follicles with age and thymus weight, no apparent relationships with other variables were observed. The analysis was sometimes hampered by the relatively small subset sample size for some variables and by confounding effects of variables such as age and thymus weight. Nevertheless, the analysis did not indicate any relevant relationship between the incidence of lymphoid follicles and supplier, housing, diet, duration of vehicle treatment (and/or study length), route of administration (and/or content of vehicle), and the presence or absence of a treatment-free recovery period before necropsy. Moreover, no relevant sex effect was observed. It has been shown that human subjects suffering from high levels of psychological stress had a significantly lower incidence of B lymphoid follicles (18) . Because our data showed no relevant relation with the duration of dosing, the route of administration (oral or subcutaneous), and the recovery period, it is tempting to conclude that our dogs did not suffer from high levels of stress or that a similar relation, as in humans, for stress and lymphoid follicles does not exist in dogs. In a pilot study, we also observed no decline (or increase) of lymphoid follicles in H&E-stained sections in beagles dosed intraveneously daily with saline for two weeks (data not shown). In a large human study of 639 thymuses, from a value of 0 up to the age of 1 year, the incidence of B lymphoid follicles rose rapidly to reach a peak of 93% at the age of 10-14 years, and it then gradually declined to only 9% at >60 years of age (17) . In dogs, we studied the age range from 6 to 23 months. Our sample size (n = 120) and the relatively narrow age range did not allow detailed analysis of age groups. However, our data suggested that the incidence was more or less similar for dogs of 6 to 8 months of age, and it then declined linearly to 23 months of age (data not shown). It would be interesting to determine the age-distribution of the incidence for dogs in more detail in future research.
Recent data suggested that in healthy humans lymphoid follicles represent a normal immunologic state of activation 218 PLOEMEN ET AL TOXICOLOGIC PATHOLOGY of B lymphoid tissue which is present in all human thymuses (8, 17) . In humans, chronic (autoimmune) inflammatory processes have been hypothesized as being involved in the pathogenesis of disease (17) . It has long been know that a relationship exists between myasthenia gravis and the presence of B lymphoid follicles in the human thymus. It is now believed that the thymic myoid cell, which express the nicotinic acetylcholine receptor that acts as an autoantigen in autoimmune disease provokes local germinal center development. This is supported by the recent finding of Roxanis et al (20) that germinal centers were more frequently found nearby myoid cells. Myoid cells, however, are not a normal constituent of the canine thymus (11) . Therefore, such autoimmune phenomena do not appear to play a role in germinal center development in the dog thymus, despite the fact that myasthenia gravis is one of the known autoimmune diseases in the dog. We believe that vaccination might contribute to the development and/or activation of B lymphoid tissue in dogs, especially for some viral diseases (13, 16, 23) . The large age variation was likely responsible for obscuring some relationships in the analysis in the current study. Future standardized research with a significant number of dogs of similar age is needed to unravel the important variables in the onset of activation of lymphoid tissue in the thymus.
In conclusion, the present study showed that dense B lymphocyte aggregates and/or lymphoid follicles in the thymus were widely distributed throughout a population of healthy beagle dogs of 6 to 23 months of age. With increasing age and decreasing thymus weight, the incidence gradually declined. B lymphocytes prove to be present in the overwhelming majority of dog thymuses, if not all. Based on the morphologic appearance in light and electron microscopic study it was concluded that the normal thymic medulla of the dog is part of the a peripheral lymphoid system (11) . Our data support this view. The presence of lymphoid follicles in the thymic medulla presumably reflects a low background response to antigenic material by immunocompetent B lymphoid cells within the canine thymus.
